The reaction between 2-(piperazin-1-yl)ethanol and cyclohexene oxide under microwave irradiation gave 2-(4-(2-hydroxyethyl)
Introduction
2-Amino alcohols are characteristic structural features of many natural products [1] . They are used in the synthesis of biologically active natural products, pharmaceuticals and pesticides [2 -4] . Moreover, they play an important role as auxiliaries to control a range of asymmetric transformations by forming a 5-membered chelate in the presence of a metal ion [2] .
In this work, the new potentially tetradentate ligand, 2-(4-(2-hydroxyethyl)piperazin-1-yl)cyclohexanol (L, Fig. 1 (1) were prepared, and their spectral and structural properties were investigated.
Results and Discussion
The reaction of 2-(piperazin-1-yl)ethanol and cyclohexene oxide under microwave irradiation afforded L which is a potentially tetradentate asymmetric ligand with two different types of donor centers: two nitrogen atoms of the piperazine ring and two oxygen atoms of the two hydroxyl groups. Reaction of L with an ethanolic solution of cadmium(II) iodide and neutralization with HNO 3 in a molar ratio of 1 :
, 1, which was characterized by elemental analysis, IR and Raman spectroscopy and single-crystal X-ray diffraction. This compound is airstable and soluble in ethanol, water, DMF, and DMSO.
In the IR spectrum of 1, the ν(NH) band at 3016 cm −1 appears at lower frequency than that of an amine group typically of alkylammonium ions [5] . Four bands in the IR spectrum at 1381, 1280, 1072, and 910 cm −1 can be assigned to vibrations of the nitrate groups (ν 4 , ν 1 , ν 2 and ν 6 ) [6] . The lines in the Raman spectrum were observed in similar regions. The free nitrate ion has D 3h symmetry and three infrared active vibrations, but this symmetry is lowered to C 2v and C s in metal complexes [7] to give up to six infrared-active vibrations. In 1, the nitrate groups are involved in hydrogen bonds lowering their symmetry. In the Raman spectrum of 1, the terminal Cd-I stretching vibration has been assigned to the strong band at 125 cm −1 consistent with values reported in the literature [8] . (Table 1 and Experimental Section). Diagrams of the molecular structure and unit cell were (4) 0.970 2.522 143.9 3.355 (7) x, y, z C(12)-H(12B)···O (5) 0.970 2.620 114.6 3.151 (7) x, y, z 
drawn with the use of the programs ORTEP-III [9] and DIAMOND [10] . Selected bond lengths and angles are collected in Table 2 and hydrogen bond geometries in Table 3 .
In the crystal structure of 1 (Fig. 2) , the cadmium atoms with a coordination number four have distorted tetrahedral geometry with average Cd-I bond lengths of 2.7916Å which is similar to an average Cd-I bond length of 2.792Å based on CSD data. In the cation of 1, the piperazine moiety has a chair conformation, and its two nitrogen atoms are protonated and have a distorted tetrahedral geometry. The conformation of the cyclohexane ring is similar to that of the piperazine ring. As an indicator of their relative orientation, the dihedral angle between their mean planes is 83.94 • . The cyclohexane ring has two chiral centers at C6 and C5 with the same absolute configu- Extension of the hydrogen bonds in three directions creates a 3D supramolecular network in the crystal structure of 1. The twoO(2)-H(2C)···O (1) (Fig. 3) .
Conclusion
In this work 2-(4-(2-hydroxyethyl)piperazin- (1) were prepared, and their spectral and structural properties were investigated. Crystal structure analysis revealed that the piperazine moiety in 1 has a chair conformation, and its two nitrogen atoms have a distorted tetrahedral geometry. The cadmium atoms with coordination number four have distorted tetrahedral geometries in a [Cd 2 I 6 ] 2− moiety with a center of inversion (C i symmetry). Vibrations of the nitrate group were studied by IR spectroscopy. Hydrogen bonding influences the nitrate geometry and lowers its symmetry from D 3h to C 2v or C s . These hydrogen bonds give rise to a 3D supramolecular network.
Experimental Section

Materials and instrumentation
All chemicals and solvents were reagent or analytical grade and used as received. The microwave-assisted reaction for the synthesis of the ligand (L) was carried out using a Microwave Laboratory Systems MicroSYNTH reactor from Milestone s. r. l. The infrared spectra of KBr pellets in the range of 400 -4000 cm −1 were recorded with a FT-IR 8400 Shimadzu spectrometer. The Raman spectrum was obtained using a Nicolet Model 910 Fourier-transform spectrometer. The electronic spectrum of L was recorded in H 2 O using a Shimadzu model 2550 UV/Vis spectrophotometer (190 -900 nm). 1 H NMR and 13 C NMR spectra were recorded on a Bruker Advance DPX300 instrument operating at 300 and 100 MHz, respectively; chemical shifts are given in parts per million, with values relative to TMS as internal standard. The carbon, hydrogen and nitrogen contents were determined using a Thermo Finnigan Flash Elemental Analyzer 1112 EA. Melting points were determined with a Barnsted Electrothermal 9200 electrically heated apparatus.
R,S-2-(4-(2-Hydroxyethyl)piperazin-1-yl)cyclohexanol, L
A mixture of 1.30 g (10 mmol) of 2-(piperazin-1-yl)ethanol and 0.98 g (10 mmol) cyclohexene oxide was irradiated inside a microwave oven for 15 min with a power up to 1 kW. After microwave irradiation, an oily liquid was obtained. Excess precursors were removed using a rotary evaporator. A viscous brown oil was obtained. Several attempts to crystallize the compound were unsuccessful. C 12 2 ] was placed on a Xcalibur Eos Gemini Ultra diffractometer and kept at 150 K during data collection. Using the program package OLEX-II [12] , the structure was solved with the program SHELXS [13 -15] using Direct Methods and refined with SHELXL [13 -15] using least-squares minimization. Crystallographic data and details of the data collection and structure refinement are listed in Table 1 . Selected bond lengths and angles are reported in Table 2 , and hydrogen bond geometries are presented in Table 3 
